The association between socioeconomic status and colorectal cancer incidence by Høverstad, Kjersti Næs
	  
	  
	   	  
Faculty of health sciences / Department of community medicine 
The association between socioeconomic status and 
colorectal cancer incidence 
—	  
Kjersti Næs Høverstad 
HEL-3950 Master’s thesis in Public Health  
August 2015 
 
Supervisor: Tonje Braaten, Associate Professor 




















































To my supervisor Tonje Braaten, I am beyond grateful for all help with this thesis. It would 
not have been possible to finish without your guidance and positive attitude. It is inspiring to 
work with such a knowledgeable teacher and I feel fortunate to have been able to learn from 
you.  
To my co-supervisor Marko Lukic, who always has an open door and feedback filled with 
smileys. You have been an encouragement and provided me with faith when needed.   









































Background: Social inequalities in health persist even in egalitarian countries such as 
Norway. There is a social gradient found for many cancers, with higher incidence and 
mortality for lower socioeconomic groups. The social gradient can be positive, with higher 
incidence for higher socioeconomic groups. Colorectal cancer is one of the most frequently 
diagnosed cancers worldwide, with varying results in reference to a social gradient in 
incidence and mortality.  
Objective: To investigate colorectal cancer incidence associated with socioeconomic status in 
a Norwegian population.  
Method: Data from NOWAC (The Norwegian Women and Cancer Study) is used in a 
prospective cohort study, with data collected from 1991 until 2012. 83 524 women are 
included. The Cox Proportional Hazards model is applied to calculate hazard ratios (HR) for 
risk of colorectal cancers by level of education. The analyses are performed for colon and 
rectal cancer separately, with level of education as a categorical variable, adjusted for age. 
The final model for colon cancer is also adjusted for smoking, alcohol consumption and 
income, and stratified for subcohorts. Incidence rates by level of education are calculated.  
Results: A negative social gradient is found for incidence of colon cancer. HR for those with 
10-12 years of education compared to 7- 9 years of education is 0,98 (CI 0,81-1,17), HR for 
13-16 years is 0,73 (CI 0,59-0,91) and HR for 17 years or more is 0,61 (CI 0,44-0,83). 
Smoking and alcohol are confounding factors and added into the model. Smoking reduces the 
negative social gradient, whilst adding alcohol increases it. Furthermore income is added and 
stratification for subcohorts done, resulting in a HR for 10-12 years of education at 1,07 (CI 
0,88-1,3) compared to 7- 9 years of education, HR for 13-16 years is 0,78 (CI 0,61-0,99) and 
HR for 17 years or more is 0,66 (CI 0,47-0,92). Incidence rate for colon cancer is 65,28 per 
100 000 person years. For each level of education the incidence rates per 100 000 person 
years are: 7-9 years: 93,36, 10-12 years: 68,86, 13-16 years: 46,95 and 17 years or more: 
37,67. No significant social gradient is found for incidence of rectal cancer. HR for 10-12 
years of education is 0,99 (CI 0,76-1,23), HR for 13-16 years is 1,01 (CI 0,74-1,37) and HR 
for 17 years or more of education is 0,95 (CI 0,64-1,41) compared to 7-9 years of education. 
Incidence rate for rectal cancer is 30,35 per 100 000 person years. For each level of education 
the incidence rates per 100 000 person years are: 7-9 years: 36,03, 10-12 years: 29,3, 13-16 
years: 28,31 and 17 years or more: 26,14.  
Conclusion: There is a negative social gradient associated with incidence of colon cancer, 
which remains after adding behavioural risk factors such as smoking and alcohol 
consumption. No social gradient is found for incidence of rectal cancer. The negative social 
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1.0 Introduction 
Social inequality in health persists even in highly developed and egalitarian countries. There 
is a social gradient found in incidence and mortality from several non-communicable 
diseases, cancer being one of them (1). With cancer becoming an increasing burden of disease 
globally and nationally, any attempts at reducing incidence should be made. Colorectal cancer 
(CRC) is one of the most frequently diagnosed cancers (2). The current thesis will focus on 
socioeconomic status and CRC incidence in a Norwegian cohort.  
 
1.1  Measuring socioeconomic status (SES) 
The concept of social class is based on stratifying individuals into different socioeconomic 
layers within societies. This classification is based on such factors as power and prestige, 
economic resources and status. Social class can be represented by different measures, most 
frequently education, employment and income (3).  
 
Education is usually measured by years completed at school. It can be included in analyses as 
number of years, or made into categories based on the school system. Education reflects a 
certain level of knowledge and ability to gain new knowledge (4). It is appropriate to consider 
education when investigating SES throughout life, as education is stable over the life course. 
Given that length of education is usually fixed early in adult life, SES will not change later in 
life when based on education as a measure (5). It is a valid predictor of several diseases and 
mortality, as it is known to be associated with many lifestyle factors.  
 
Employment, or occupation, represents SES by whether or not a person has employment, and 
what kind of employment, for instance manual labour or office based job (4). It provides 
comparability over time and between developed countries, and can be a measure of prestige 
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(5). Employment can be challenging to use as a measure for SES, as there is a great variety of 
occupations making it difficult for proper classification. Employment can include wide 
variations in income and education (5).  
 
Income represents financial and material resources. Income can measure unique aspects of 
social class and varies within occupation and with time. It is sensitive to changes in life 
circumstances such as becoming unemployed or on social benefits, in spite of level of 
education (5). Income will vary over time and between countries. It is usually included in 
analyses by categories appropriate for that study population.  
 
The three measures of SES are interrelated. Education, employment and income affect health 
both separately and combined as socioeconomic position. Parents´ SES has shown to affect 
children’s´ SES and probability of it getting education, which in turn will affect employment 
and level of income (4).  
 
In this thesis, years of education is the main variable measuring SES. Education is frequently 
used as a measure for SES in studies based on data from the Norwegian Women and Cancer 
study (NOWAC).   
 
1.2  Social inequality in health   
There is extensive theory on social inequality and its effect on health. Those with higher level 
of education, income and employment within high status profession, have on average better 
health and an increased life expectancy compared to those with low level of education, 
income or low status employment. This is referred to as the social gradient in health (4). The 
creation of social classes within societies is found in developing and developed countries, and 
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is seen as one of the most important sources of health inequalities. These differences in health 
due to social classes are avoidable, unnecessary and unjust, and hence referred to as health 
inequities (6).  
 
The social gradient in health remains in highly developed and egalitarian countries (4). The 
gradient refers to inequality being found throughout all the socioeconomic layers of a society, 
not only those at the bottom of the social ladder. However, the gradient is steepest at the 
bottom, meaning that the difference in inequality is larger between those with low and middle 
income, than it is between those with high and very high income (4).  
 
One cannot find the same social gradient between developed countries as the one found within 
a country. This reflects the social ordering within societies that greatly affect health, creating 
health inequalities. The assumption is that if social inequalities are reduced, excess morbidity 
and mortality can be reduced (7).  
 
The social gradient in health is usually negative, with increased risk of diseases such as e.g. 
lung cancer and diabetes for those of lower SES. There are however some examples of a 
positive social gradient, e.g. breast cancer, where those within higher social classes have an 
increased risk of developing the disease (8).  
 
1.3  Possible explanations for social inequality in health  
There are several theories attempting to explain the mechanisms behind social inequality in 
health. One of the first major reports on this subject was the Black Report in 1980, produced 
by an expert committee on behalf of the government in the UK. The main findings in the 
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report was that health inequalities is the result of social inequalities in income, education, diet, 
housing, employment and working conditions (3).  
 
There are several possible explanations for the association between social inequality and 
health inequalities according to the Black Report:  
 
The artefact theory suggests that inequalities are present in societies, but not responsible for 
the observed association between social class and health inequalities. It is simply a 
measurement error, an artefact, from trying to establish a connection between something that 
cannot be measured (3).  
 
The materialist theory is based on physical and material living conditions influencing health 
status. In this theory, social class is a determinant for health (3) as factors such as residency, 
access to education, employment and a stable income will depend on socioeconomic status, 
hence contributing to health status. Furthermore, occupational and environmental factors e.g. 
hazardous workplace and pollution, contribute to the inequality in health. Social inequality in 
health could be reduced if material conditions such as clean water and healthy food, 
sanitation, improved housing, and, more important, access to healthcare, were available for 
all. However, in spite of economic growth, social inequalities in health persists (9). 
  
Another theory is based on lifestyle and behaviour as mechanisms behind social inequality 
in health. This theory became acknowledged during the 1970s and suggests that health-
damaging behaviour by individuals creates social inequalities in health (3). Behaviour related 
health risks include smoking, obesity, physical inactivity, unhealthy diet and consumption of 
alcohol. Almost all of these health risk behaviours are more prevalent among lower SES 
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groups. It is important to view these behavioural factors not only as a result of individual 
choices and “blaming the victim”, but to see behaviour as part of the society and norms of that 
time (9)  
 
The theory of social selection is based on health status determining social class. Depending 
on health status, one will take part of a certain social class, or move up or down the social 
ladder as the health status improves or worsens (3). Those with good health will be able to 
finish higher levels of education and succeed in demanding, well paid jobs, whilst those with 
poor health will not be able to do this, might lose employment and income and end up in a 
lower social class than they originally were (9). This theory is directly opposite the principle 
of social determinants of health (4).  
 
Additional theories have been acknowledged; the life course perspective is one of them. 
Events during pregnancy and childhood, including SES in childhood, affect health as adults 
(4). This theory emphasises the combined effect of difficult social circumstances and 
biological vulnerability. These elements may not be large by themselves, but accumulated 
over years they create an increased risk of disease (9).  
 
The psychosocial perspective has become more relevant during recent times, and has been 
discussed by Wilkinson, among others (7). He has written about health as a social product, 
and how the quality of social life and degree of chronic stress influence health. The degree of 
chronic stress will depend on socioeconomic status, which again will impact on risk of 
disease. Research by Elstad has also emphasised the psychosocial perspective (9), arguing 
that being under constant stress can influence biological aspects e.g. hormones or the immune 
system, increasing long term risk of disease (9). The assumption is that those of lower 
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socioeconomic groups experience more stress, both chronic and acute, compared to those of 
higher socioeconomic groups. It is the combination of being exposed to this stress and not 
having the resources to meet them that create the health inequality (9).  
 
There is no consensus on which of the perspectives explain most of the social inequality 
found in health. Each theoretical perspective will be discussed later in this paper in reference 
to findings from analysing data in our cohort.  
 
1.4 Social inequality and cancer 
Cancer is one of the most common non-communicable diseases and a leading cause of 
mortality worldwide. Cancer is diagnosed among all social classes and is increasing in 
incidence (2). A social gradient is found in incidence and mortality for several sites of 
cancers, for both developed and developing countries. A negative social gradient is found for 
lung cancer, mostly attributable to social inequality in smoking and occupational exposure. 
For other high prevalence cancers e.g. prostate cancer, no social gradient is clearly 
established, whilst for the most common cancer for women, breast cancer, a positive social 
gradient is well established (4). The inequality in both incidence and mortality from cancer 
vary between countries (2). More than 70% of cancer deaths occur in low and middle-income 
countries. The burden of cancer is increasing particularly in developing countries where 
prevalence of cancer with a poor prognosis is higher than in developed countries (10). 
Mortality rates from cancer differ in reference to level of education, and the disparity has 
increased over the years. In general, mortality decreases with increasing level of education 
(11).  
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Risk factors for many cancers have become increasingly known and some are well 
established. Examples are lifestyle factors such as high body mass index (BMI), smoking, 
alcohol consumption, physical inactivity and a diet low in vegetables and fruit (2). In low and 
middle income countries, preventable chronic infections are major risk factors for cancers, 
e.g. Hepatitis B and C which increase risk of liver cancer, and infection by Human Papilloma 
Virus (HPV) or Human Immunodeficiency Virus (HIV) which increases risk of cervical 
cancer (2).   
 
In this current thesis, any association between socioeconomic status and colorectal cancer 
incidence in Norwegian women is of interest.  
 
1.5  Colorectal cancer  
Colorectal cancer (CRC) includes cancer of the large bowel (colon) and rectum. Symptoms of 
CRC include changes in bowel habits, abdominal pain, bloody stool and anaemia, usually 
followed by weight loss, fatigue and anorexia (12, 13). CRC is usually diagnosed by 
sigmoidoscopy and colonoscopy with biopsy (13). CRC is diagnosed throughout the world, 
with great variations in incidence. India has one of the lowest incidence rates, whilst the 
highest rates are found in Japan. The mechanisms behind the great variety in incidence are not 
fully known, but changes in lifestyle such as diet and environmental differences are assumed 
to play a large role. All rates increase greatly with age, especially for developed countries 
(13). CRC is the third most common form of cancer worldwide, after lung and prostate cancer 
for men, and after breast cancer for women (2) It is one of the most common sites of cancer in 
women in high-income countries (14).  
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There are approximately 3800 new cases diagnosed in Norway every year, and incidence has 
increased quite rapidly for the past decades (15). Incidence of colon cancer has been evenly 
distributed between males and females, but numbers from 2013 show higher incidence of 
colon cancer among women. For rectal cancer, incidence is higher among men (16). Incidence 
of CRC is higher in Norway compared to other European countries. One of the reasons is a 
general increase of age in the population (12). Incidence among the younger population seems 
to be stable, even declining for colon cancer, giving hope that the rapid increase in the 
population incidence will halt (17). The stabilizing incidence rate among younger people has 
led to the assumption that improvements in diet will reduce risk in the future (12).  
 
Incidence of colorectal cancers in Norway was on the rise until 2010, with an incidence rate 
of 78,6 per 100 000 for the total population. Incidence rate of colon cancer was 51,4 per 100 
000 and incidence rate for rectal cancer was 27,2 per 100 000. It is mainly due to a decline in 
incidence of rectal cancer that overall incidence of colorectal cancers has decreased over the 
last few years. In 2011 the incidence rate declined to 76 per 100 000 (incidence rate for colon 
cancer was 51,2 and incidence for rectal cancer was 24,8 per 100 000) (11). Mortality rates 
have declined and survival is very much relying on early diagnosis of the disease (12). Five 
year relative survival rates for CRC have increased from around 30% during the 1970s to 
around 60% at present time (16). Norway has survival rates above average compared to other 
European countries (17).  
 
1.5.1 Colorectal cancer risk factors 
Adenomatous polyps are known to be precursors to CRC. A family history/genetic 
predispositions of CRC can increase risk up to 30%. Lynch syndrome, also known as 
hereditary non-polyposis colorectal cancer (HNPCC), is a genetic condition known to 
	   9	  
increase risk of several cancers, and in particular CRC. Frequent screening is recommended. 
Familial adenomatous polyposis coli, results in an increase in number of polyps in the colon 
and rectum, usually several hundreds, creating an greatly increased risk of CRC before the 
age of 30 (12). Inflammatory bowel disease such as ulcerative colitis and Crohn’s disease are 
associated with an increase in risk (13, 14) Helicobacter pylori has in some studies given a 
small elevation in risk for CRC. Bile acids might be important in the aetiology of CRC (13) 
Diabetes mellitus has in several studies been associated with elevated risk for CRC.  
  
Many lifestyle and behavioural risk factors are related to SES, e.g. smoking and alcohol 
consumption, dietary habits and level of physical activity. Results vary regarding smoking 
exposure and alcohol consumption as risk factors (18). Early onset of smoking and smoking 
over a long period of time have shown to increase risk of colon cancer (13). Alcohol 
consumption above 30 g/day reportedly also increases CRC risk (14). Risk of colorectal 
cancers has shown to be prone to changes in lifestyle. A diet rich in meat and saturated fat can 
be carcinogenic (19), although results are inconsistent. Incidence rates have changed for 
immigrants and their descendants as they adapt a Western diet high in animal protein and fat, 
and low in fibre. Vegetables and multivitamin supplements, particularly folic acid, have been 
shown to reduce risk (13). Results on intake of fruit are not consistent (13). Vitamin D and 
calcium, either through supplements or dairy intake, may reduce risk of CRC. Coffee 
consumption has in case control studies been associated with a reduced risk, whilst no 
association has been shown in cohort studies (13). Consumption of foods containing dietary 
fibre can probably protect against CRC (14), although there is still inconsistency in findings 
(17). Obesity and increased waist circumference are mentioned as factors increasing risk, 
especially for colon cancer, although results are less consistent for women than for men (13). 
An expert report from 2007 found evidence that body fatness, abdominal fatness and adult 
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attained height could increase risk of CRC (14). It is estimated that around 45% of CRC 
incidence can be prevented by changes in lifestyle factors/health related behaviour such as 
diet, physical activity, alcohol consumption and BMI. Physical activity has quite consistently 
shown a reduced risk of colon cancer, but not rectal cancer (13). Particularly those with a high 
level of physical activity throughout their lives have lower risk of colon cancer (13). 
 
Use of NSAIDS (nonsteroidal anti-inflammatory drugs) including aspirin has been associated 
with a reduced risk of CRC, even for those with an elevated risk due to genetic 
predispositions (13). Postmenopausal hormone use can possibly reduce risk of CRC (13).  
Exposure to risk factors such as dietary habits during childhood might affect risk of CRC as 
an adult. There are however limited number of studies on these exposures (17).  
 
Endoscopic screening can be a protective factor in reducing incidence and mortality of CRC, 
as it can detect adenomatous polyps (20). It has been suggested implementing screening 
programs in order to reduce not only mortality, but incidence of CRC (17). Screening with 
sigmoidoscopy and faecal occult blood tests are methods already in use, although no 
organised screening programs are in place in Norway (12).  
 
1.6 Socioeconomic status and colorectal cancer  
Colorectal cancer is increasing in number and has become a significant burden of disease in 
both developed and developing countries (21). There is emerging evidence of increasing 
inequality in the incidence of colorectal cancer by socioeconomic position (22). Existing 
evidence is however inconsistent (23). Most studies find a social gradient, but findings differ 
between Europe and North America. Studies performed in the US and Canada report a 
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negative social gradient for CRC incidence, whilst European studies reported no social 
gradient or even a positive social gradient (20, 23).  
 
Risk factors such as adverse health behaviour are known to be more frequent in low SES 
populations, potentially explaining the negative social gradient (24). The mechanisms behind 
a positive social gradient in incidence have not been clearly established. Differentiating 
between tumour location when analysing data has been an issue as it seems that colon and 
rectal cancer are affected by different risk factors, providing possible explanations for the 
social gradient not being similar. For colon cancer incidence, most studies from North 
America report an increased risk with low SES, whilst European studies have reported a non-
significant or reduced effect for low SES groups (20). Few European studies have found 
significant results for rectal cancer incidence and results are inconsistent. Low SES has been 
associated with an increase in risk for rectal cancer in North American studies (20). No clear 
social gradient for CRC incidence has been established in Norwegian cohorts this far (20, 23).  
 
1.7 Aim of the thesis/research question  
The aim of the current thesis is to examine how incidence of colon and rectal cancer varies 
with length of education. Furthermore, the aim is to identify contributing factors to the 
possible variation in incidence.  
Research question: Is there an association between socioeconomic status and incidence of 
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2. Materials and methods 
  
2.1 The Norwegian Women and Cancer study (NOWAC)  
In the present thesis, quantitative research methods are used based on data from NOWAC. 
The initial purpose of NOWAC was to investigate the relationship between internal and 
external hormones and female cancers, particularly breast cancer (25) The participants have 
been randomly sampled from the Norwegian Central Person Register. A unique identity 
number for each woman (date of birth and five additional digits combined to a person 
number) provides linkage throughout national registers such as the Norwegian Cancer 
Registry. Since the collection of data began in 1991, more than 300 000 women have been 
invited by postal questionnaires to participate in the study. Women participating are born 
between 1927 and 1965. Response rate on the first round of questionnaires sent to 179 387 
women in 1991-1997 was 57%. Another round of questionnaires was sent to 130 577 women 
in 2003-2006. They were born between 1943 and 1957, and the response rate was 48,4% (25). 
The second mailing with a follow up questionnaire on exposures was sent to all participants 
from 1998 to 2002, with a response rate of 81% (25). The third mailing with follow up 
questionnaires began in 2003, 10-12 years after the initial questionnaire (25).  
 
Almost all questionnaires comprise four pages of core variables on hormone use, smoking, 
physical activity, reproductive history, alcohol consumption, socioeconomic status, self-
reported disease, screening for breast cancer, sun bathing habits and anthropometry. In 
addition, four pages on dietary habits have been included for most questionnaires.   
 
Passive follow up was performed by linkage to the cancer registry and the register for death 
certificates. Information on cancer diagnosis was last linked with the cancer registry in 2012. 
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There are four sub-cohorts in our analysis, all of which include information on diet. The first 
subcohort includes the first questionnaire and is from 1995-1997. The second cohort is from 
1998, the third from 2002, both including the second questionnaire. The final cohort is from 
2003-2004 and includes the third questionnaire. 
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2.2 Inclusion and exclusion in our cohort  
The total number of participants in NOWAC was 172 478, of whom 101 321 provided 
information on diet. Another 4 655 prevalent cancer cases were excluded together with 53 
women who died or emigrated prior to study enrolment. Further, 4 722 women aged above 65 
were left out of the analyses to avoid an interaction effect with education. Finally, women 
with missing information on education (N = 5 283), smoking or alcohol consumption  
(N = 3 032) were excluded, resulting in a study population of 83 524 subjects. Of these, 658 
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  Invited	  to	  	  	  	  	  
	  	  	  	  	  	  	  	  participate:	  	  
	  	  	  	  	  	  	  	  	  	  309	  966	  
	  	  	  Respondents	  at	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  baseline:	  	  
	  	  	  	  	  	  	  	  	  	  	  172	  478	  
	  	  	  	  Respondents	  at	  	  
	  	  	  	  	  first	  follow-­‐up:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  57	  762	  
	  	  	  	  Respondents	  at	  	  	  
	  	  second	  follow-­‐up:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  43	  558	  
	  	  	  	  	  	  	  	  	  	  Excluded	  	  
	  	  	  	  	  prevalent	  CRC:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  4	  655	  
	  	  	  	  	  	  	  	  	  	  Excluded	  	  
	  dead	  or	  emigrated:	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  53	  
	  	  	  	  	  	  	  	  	  Excluded	  	  
	  	  	  	  	  	  	  	  	  	  age	  >65:	  
	  	  	  	  	  	  	  	  	  	  	  	  4	  722	  
	  	  Excluded	  missing	  	  	  	  	  	  
	  	  	  	  	  on	  education,	  	  	  	  
	  smoking	  or	  alcohol:	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  83	  524	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2.3 Relevant variables  
2.3.1 Outcome: colon and rectal cancer 
The outcomes if interests are colon cancer and rectal cancer (colorectal cancers), a categorical 
variable of yes or no. Data on cancer diagnosis are retrieved from the Norwegian Cancer 
Registry from 2012. Colon cancer includes cancer in the colon area (ICD 7 code 153). Rectal 
cancer includes cancer located in the rectum (ICD 7 code 154). No further specification was 
done for tumour location. These two forms of cancer are often combined to gain sufficient 
numbers for data analyses. I have chosen to investigate colon and rectal cancer separately.  
 
2.3.2 Exposure: education 
Education was chosen as the measure for SES. The continuous variable includes years of 
education, divided into four categories with those with lowest level of education chosen as 
reference group. The question in NOWAC on education was: “How many years of education 
do you have in total?”. Those with less than seven years of education were excluded. 
Anything less than seven years of education in Norway is unlikely as education at lower 
secondary school is mandatory. Level of education was categorised based on the Norwegian 
school system: 
7-9 years  
10-12 years   
13-16 years   
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2.3.3 Potential confounders 
Confounding effect from all relevant variables was assessed. Choosing possible confounders 
was based on findings in the literature. All covariates were investigated in relation to both 
colon and rectal cancer. All of them are self-reported.  
 
Age 
Age was included as a continuous variable, after making it into categories to check for 
linearity.  
 
SES in childhood 
Socioeconomic status during childhood was derived from the question “How did you perceive 




Diabetes is based on participants´ self-reporting of whether or not they are diagnosed with the 
disease. No differentiation is made between type 1 and type 2 diabetes.  
 
Smoking  
The first question related to smoking is “Have you ever smoked”, with options yes or no. If 
yes was ticked, a follow-up question on number of cigarettes smoked on average during 1991-
1994 and 1995-1998 was asked. Participants should then tick the appropriate boxes,  
ranging from 0, 1-4, 5-9, 10-14, 15-19, 20-24 to 25+. An additional question was asked as to 
whether the participant is a current daily smoker, with option yes or no.  
The smoking variable was first divided into six categories; 
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0 = NEVER SMOKER 
1 = FORMER SMOKER STARTED AFTER OR AT AGE 20  
2 = FORMER SMOKER STARTED BEFORE AGE 20 
3 = CURRENT SMOKER STARTED AFTER AGE 20 
4 = CURRENT SMOKER STARTED BEFORE AGE 20 WITH <=19 PACK-YEARS 
5 = CURRENT SMOKER STARTED BEFORE AGE 20 WITH >=20 PACK-YEARS 
Smoking was checked as a confounder both with six and three groups (never, former, 
current). The confounding effect was similar. Therefore only three groups were chosen in 
order to provide more power in the analysis. Never smoker was set as reference group.  
 
Alcohol consumption 
Use of alcohol is based on self-reported consumption. First, a question on ever-drinker was 
posed, followed by a question on average consumption during the past year; “If no, how 
frequently and how much did you drink on average last year?” Participants were asked to tick 
the appropriate box, ranging from never/rarely, once per month, 2-3 times per month, once 
per week, 2-4 times per week, 5-6 times per week, and once and more per day. The same 
question was asked for beer (0,5 l.), wine (glass) and spirits (drink).   
The original variable was continuous and consisted of intake in grams per day. It was made 
into categories to be able to compare groups:  
 
0 = no/teetotaller  
0,1-4 grams daily  
4-10 grams daily 
10+ grams daily  
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As teetotallers are known to have both reduced and increased risk for varying diseases, 
depending on the reason for them not consuming alcohol (26), they were not chosen as the 
reference group. Instead those who reported consuming 0,1 – 4 grams daily were set as 
reference group, as they could be considered more appropriate for representing the average 
population.  
 
Household income  
Income was derived from the question “How much is the household income per year?” 
Participants were given five optional boxes to tick; <150 000, 151 000 – 300 000, 301 000 – 
450 000, 451 000 – 600 000 and >600 000. Some of the questionnaires had 601 000 -750 000 
and >750 000 as additional options to tick. The five groups were made into four, collapsing 
the two lowest groups as the group with lowest income was limited in numbers. The groups 
were thus <300 000, 301 000 – 450 000, 451 000 – 600 000 and > 600 000 in the following 
analyses. Lowest level of income was set as reference group.  
 
BMI  
BMI was derived from current height and weight as reported by participants. BMI is 
calculated by applying a person’s weight (in kilograms) divided by the square of her height 
(in metres) (27). It is frequently used as a proxy to measure prevalence of underweight, 
normal weight, overweight and obesity.  
 
BMI was initially grouped in categories based on WHO´s classification (27), but because of 
few individuals with low body weight, all those with BMI >12 and <20 were grouped as 
underweight. Those with BMI = 20-24,9 were grouped as normal weight, those with BMI = 
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25-29,9 as overweight, and BMI = 30 or more as obese. Those defined as normal weight was 
set as reference group.  
 
Physical activity  
This variable is based on a question asking participants to rate their present level of physical 
activity, ranging from 1-10. Physical activity during work, whilst at home and all other 
exercise e.g. walking, is included. 1 equals very little physical activity, 10 equals very much 
physical activity. The original variable with 10 categories was made into three categories, 
with low (level 1-3), medium (level 4-7) and high (8-10) level of activity. 
 
Diet  
Several possible confounders related to diet are assessed. Data are based on extensive and 
detailed self-reported answers. Data are collected on consumption of red meat, processed 
meat, fibre, fruit, fat, vegetables, total energy intake and cups of coffee. Examples of 
questions on diet can be found in the questionnaire added in the appendix. All diet variables 
are provided as grams per day, and were checked as continuous as well as in groups.  
 
Use of postmenopausal hormone therapy was retrieved by asking participants whether they 
had ever used hormone therapy, and if so, it they were current users. The variable was 
included as categories: never, former and current user.  
 
Use of oral contraceptives was derived from the question “Have you ever used oral 
contraceptives (including mini pills)?”. The variable was provided as category: yes or no.  
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2.4  Statistical methods     
All statistical analysis was performed using SPSS. Survival analysis with Cox regression 
models was chosen as the appropriate method for analysis of the data, and follow up time was 
included as an underlying time variable. Proportional hazard ratios (HR) with 95% confidence 
intervals (CI) are provided. Univariate analysis was performed for all relevant covariates 
against colon and rectal cancer separately. Variables were chosen based on previous findings 
in the literature. Level of significance was set at 5%. All models were age adjusted, as age 
was an important predictor of the outcome. All diet variables were adjusted for total energy 
intake (in calories).  
 
Possible confounders were investigated and included if they changed to regression coefficient 
more then 5% when added into the model. Descriptive analyses were performed for all 
variables. Means, standard deviation (SD) and comparison of groups were computed.   
Due to interaction between age and our main variable of interest, education, it was decided to 
include only those aged 65 or below in the analysis. No interaction was present after this 
adjustment was made. Only subjects with complete information on education, smoking and 
alcohol consumption were included in the analyses in order to ensure equal sample size and 
comparability between different models. No variables had missing above the 10% limit where 
possible bias must be investigated, thus no sensitivity analyses was attempted.  
 
Colon cancer and rectal cancer were treated separately, according to level of education.    
Income was included to assess any effect on the risk related to level of education. The models 
for colon cancer and education, smoking, alcohol and income were stratified by subcohort. 
Incidence rates were calculated for colon and rectal cancer in total, and by each level of 
education.  
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The Cox proportional hazards assumption, that the hazard ratio between two variables is 
constant over time, is tested. There are three manners in which one can test the proportional 
hazard assumption; graphical, goodness of fit and time-dependant variable approaches (28). 
For this thesis, the time-dependent variable approach is chosen. The assumption is thus tested 
by assessing interaction between our variables of importance, education and age, with follow 
up time included in the analyses. At first, a significant interaction was found, meaning the 
hazard assumption is violated. After further investigation those aged above 65 years were 
removed from the cohort, resulting in no significant interaction term. Hence, the proportional 
hazards assumption is met.  
 
As mentioned above, only women aged 65 or less were included in analysis. Removing 
participants was assessed with cut off at different ages, and when reducing the cohort to those 
aged 65 or less, no interaction was found for any of the outcomes (p-value 0,285). Interaction 
was checked with variables both as continuous and as categorical when appropriate. 
Remaining interactions were checked only for colon cancer, as no further analysis on rectal 
cancer was computed after discovering lack of association between incidence and level of 
education. No interaction was found between smoking and intake of processed meat as 
suggested previously in the literature. Interaction between smoking and red meat, BMI, age, 
alcohol and education was checked, as well as between alcohol and BMI and education. We 
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3. Results 
3.1 Descriptive statistics of data 





Minimum level of education is set at 7 years, whilst maximum is reported to 40 years. The 
mean was 12,25 years. Length of education as categories is not evenly distributed. Those with 
7-9 years of education comprise 24,2% of the participants, whilst those with 10-12 years of 
education include 35% of the cohort. Those with 13-16 years of education account for 27,3% 





Minimum age is 41 years and maximum age was set at 65 years. Mean age is 51 years. Age is 
somewhat decreasing with level of education, with mean age for low level education at 53 
years, and mean at 50 years for highest level.   
 
Smoking  
Distribution of smoking as three categories as used in the final analysis is:  
Never: 37,9%, former: 32,2% and current: 29,9%. 
Distribution of smokers as the original six categories is displayed in table 1. Missing was 
2,3% before being removed in the final dataset.  
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The distribution of smokers between levels of education is uneven, especially when 
comparing those currently smoking (see table 1). Almost 40% of those with lowest level of 
education are currently smoking, whereas approximately 16% of those with the highest level 
of education are currently smoking. When comparing those never smoking, the two groups 
with lowest level of education are quite similar at around 34%, whereas the two groups with 
higher level of education include 43% and almost 50% never smoking. 
 
Alcohol  
Mean intake of alcohol was reported to 3,38 grams per day. Minimum is 0 grams and 
maximum is 43 grams. Missing was reported to 2,3% in the original cohort, but was removed 
in the final cohort. Consumption is unevenly distributed by length of education. With higher 
level of education, reported intake of alcohol increased (shown in table 1).  
 
Household income  
The two lowest income groups include the highest number of participants, with 36% and 28% 
respectively. Those in the upper two income groups included 21% and 15% (highest income 
group) of participants. Almost 60% with low level of education are in the lowest income 
group (<300 000), whilst 34% with highest level of education is in the high-income group 
(>600 000).  
 
BMI    
Minimum BMI was 10, which seems low, and maximum BMI was 69, quite high. The mean 
seems normal at 24,72. The few individuals with BMI less than 12 were excluded, as this 
seems abnormally low. The women in NOWAC are within normal weight range, but are close 
to being classified as overweight with a mean BMI of 24,72. Missing was low at 1,9%. BMI 
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is distributed somewhat unevenly between levels of education. With higher level of education, 
BMI is on average lower. The social gradient seems linear. 
 
Physical activity  
There was 7% missing for reported level of physical activity. 73% of participants were in the 
medium level groups, 12,4% in the low level and 14,8% in the high level activity group. The 
groups were quite evenly distributed by level of education, displayed in table 1.  
 
Diet  
For means and SD for diet variables by level of education, see table 1. There is no missing in 
any of the variables. All data on diet are given as grams per day. Intake of fruit and vegetables 
were quite unevenly distributed; higher level of education shows higher consumption. Fibre 
and fat were evenly distributed between levels of education, whilst consumption of red meat 
was slightly reduced with higher level of education. For processed meat, consumption is 
similar for those of highest and lowest level of education, whilst intake is slightly higher for 
the two middle groups of education. In reference to total calorie intake, a positive social 
gradient is found.  
 
For postmenopausal hormone use the distribution was: never 65,3%, former 12% and 
current 22,7%. 2,4% was missing. Hormone use was quite evenly distributed among level of 
education, but with a higher proportion of never users among the highest level of education.  
 
For oral contraceptives use 43,2% reported yes and 56,8% reported no. 2,9% was missing. 
66% with highest level of education reported yes, whilst only 44% with lowest level reported 
the same.  
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Follow up time 
Minimum follow up time is 1 year, maximum 17 years. The mean follow up time is 12,07 
years. Follow up time was somewhat reduced with increased level of education.  
 
3.2 Cox proportional hazards regression 
Age is significantly associated with both colon and rectal cancer. For colon cancer HR is 1,11, 
after adjusting for age only (95% CI 1,09 – 1,12). For rectal cancer, HR is 1,08 when 
adjusting for age only (95% CI 1,06 – 1,09). Groups are made and a linear relationship for 
both colon and rectal cancer and age is found. There is a steep increase in risk with age, 
especially for colon cancer.  
 
3.2.1 Colon cancer 
Years of education is significantly associated with colon cancer risk, as shown in table 2.   
Increased level of education is associated with a reduced risk of development of colon cancer 
compared to those with 7-9 years of education. Results for those with 10-12 years of 
education are not significant, with only a 2% reduced risk and HR 0,98 (95% CI 0,81 – 1,17). 
Those with 13-16 years of education have a 27% reduced risk of developing colon cancer 
compared to those with 7-9 years of education. HR is 0,73 (95% CI 0,59 – 0,91). For those 
with 17 years or more of education, risk of developing colon cancer is 39% reduced compared 
to those with 7-9 years of education. HR is 0,61 (95% CI 0,44 – 0,83).  
 
A considerable confounder for colon cancer risk and level of education is smoking, with a 
9,6% change in risk for those with 13-16 years of education when added into the model (beta 
coefficient went from -0,31 to -0,28). Change in risk for those with 17 years or more with 
education was 10% (beta coefficient went from -0,5 to -0,45). When adding the smoking 
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variable, risk levels off between all of the groups with a HR closer to 1. HR for 10-12 years of 
education is 0,99 (95% CI 0,82-1,18). HR for 13-16 years of education is 0,76 (95% CI 0,61-
0,95) and HR for 17 years or more of education is 0,64 (95% CI 0,46-0,87) compared to those 
with 7-9 years of education. The confounding effect is attributable to a higher proportion of 
smokers in the lower than in the higher SES groups.  
 
Alcohol did act as a negative confounder when added into the model together with smoking.  
Alcohol is a considerable confounder, with a change in risk for those with 13-16 years of 
education of 16% (beta coefficient went from -0,31 to -0,36), whilst for those with 17 years or 
education change in risk is 12% (beta coefficient went from -0,5 to -0,56). The confounding 
effect of smoking is offset after adding alcohol, due to the positive gradient in consumption 
by SES. Alcohol has a large impact on risk of colon cancer by level of education. HR for 10-
12 years of education is 0,97 (95% CI 0,8 – 1,16), HR for 13-16 years of education is 0,73 
(95% CI 0,58 – 0,92), and, finally, HR for 17 years or more of education is 0,61 (95% CI 0,44 
– 0,83).  
 
A model including smoking, alcohol and stratification for subcohorts was performed. The 
difference in risk is somewhat levelled off, with risk closer to 1 for all groups of education. 
There is still a reduced risk with higher level of education: HR for 10-12 years of education is 
0,98 (95% CI 0,81 – 1,18) compared to those with 7-9 years of education. Risk of colon 
cancer is 26% reduced for those with 13-16 years of education, with a HR of 0,74 (95% CI 
0,59 - 0,93). Risk for those with 17 years or more of education is 38% reduced, with a HR of 
0,62 (95% CI 0,45 – 0,86).  
 
	   28	  
Income is added to the final model, which includes smoking and alcohol and is stratified for 
sub-cohorts, to assess any difference in colon cancer risk by education. Household income 
itself was not significant in any of the models and thus not as strong a predictor for colon 
cancer as individual level education. Reference group is set at the lowest level of income. 
Risk by education changes somewhat when adding income, with difference in risk levelling 
off. HR for 10-12 years of education is 1,07 (95% CI 0,88 – 1,3), with a 7% increased risk 
compared to those with 7-9 years of education. HR for 13-16 years of education is 0,78 (95% 
CI 0,61 – 0,99), with a 22% reduced risk of colon cancer compared to those with 7-9 years of 
education, whilst HR for 17 years or more of education is 0,66 (95% CI 0,47 – 0,92), a 34% 
reduction in risk.  
 
Incidence rates 
Incidence rates for colon cancer is calculated to 65,28 per 100 000 person years. It is also 
calculated for each level of education per 100 000 person years; 7-9 years of education has an 
incidence rate of 93,36, for 10-12 years of education it is 68,86, for 13-16 years of education 
it is 46,95, and for 17 years or more of education it is 36,67. Thus, there is a clear and steep 
negative social gradient in incidence of colon cancer. Numbers are displayed in table 2.  
 
3.2.2 Rectal cancer  
We found no significant association between level of education and risk of rectal cancer. A 
cox regression model with rectal cancer and level of education is computed before removing 
missing from any covariates. HR for 10-12 years of education is 0,99 (95% CI 0,76 – 1,23), 
HR for 13-16 years of education is 1,01 (95% CI 0,74 – 1,37) and HR for 17 years or more of 
education is 0,95 (95% CI 0,64 – 1,41).  
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Incidence rates 
For rectal cancer overall incidence rate is 30,35 per 100 000 person years. By years of 
education per 100 000 person years it is as follows: 36,03 for 7-9 years of education, 29,3 for 
10-12 years of education, 28,31 for 13-16 years of education, and 26,14 for 17 years or more 
of education. The incidence rate is slightly decreasing with level of education. Numbers are 
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4. Discussion    
4.1 Main findings  
 
4.1.1 Colon cancer 
There is a difference in incidence of colon cancer associated with level of education. 
Increased level of education is associated with a reduced risk of developing colon cancer in 
this study. The relationship is linear – the higher level of education, the lower risk of colon 
cancer. This means there is a clear negative social gradient in colon cancer incidence. The 
inequality in incidence is somewhat explained by smoking status and alcohol consumption, 
but there is still a difference in risk remaining after adjusting for these behavioural factors. 
Increase in age has a major impact on incidence of colon cancer. When adding other variables 
potentially explaining the inequality in incidence by level of education, such as diet, BMI or 
physical activity, no significant change in incidence is found. Although finding a social 
gradient related to cancer incidence is no surprise, the extent of the difference in risk of colon 
cancer remains after adjusting for known confounders.  
 
4.1.2 Rectal cancer 
We did not observe any social gradient as measured by level of education in rectal cancer 
incidence in our study. Because of this, further discussion of rectal cancer is limited to 
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4.2 Methodological considerations  
4.2.1 External validity 
In NOWAC, several validation studies have been completed to estimate any effect of changes 
in size and structure of the underlying population. Response rate has varied with age, 
geographic location and length of the questionnaire, but distribution of exposures has been 
found to be independent of this (25). A postal survey undertaken on non-respondents showed 
no differences in lifestyle factors between them and the original respondents (29). The most 
important reasons reported for not participating in the study were privacy concerns and lack 
of time (25). Selection bias from the first to the second mailing was rejected, as there were 
only minor differences in age and education (respondents the second time were younger and 
had somewhat higher level of education) (25). Cancer incidence in NOWAC has been 
compared to national figures on several occasions, and found to be similar. Several of the 
variables have been validated, including dietary habits, use of hormone replacement therapy 
and physical activity (25). Self-reported BMI tend to be lower than what is reality due to 
underreporting of weight when not measured by healthcare personnel. However, BMI in 
NOWAC was recently validated (30), and no measurement error was found.   
 
Our main variable of interest, education, has been validated by linkage to national registries, 
showing minor differences between responders and total sample of women (29).    
However, years of education in NOWAC are self-reported by participants and not based on 
official school registries. This could imply differences in measurement such as over-reporting 
own level of education, e.g. participants reporting all time spent in school regardless of 
graduating. On the contrary, register based education include highest level of completed 
education. Distribution of self-reported level of education in NOWAC has been somewhat 
different between all groups compared to national register based level of education, 
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particularly for the lowest and highest level of education. This does not necessarily provide a 
measurement error. Self-reported level of education will give an estimate not only of level of 
education, but include other factors such as time spent on e.g. maternity leave (31). This 
makes comparison between official numbers and the numbers obtained in our cohort 
challenging. Length of education has increased steadily for women over the years. Numbers 
from 2014 show that more than 50% of Norwegian women aged 25-39 have education at 
university level (32). The mean age of the women in our cohort is higher, but 40% reported 
university level education (as shown in table 1). Participants with low level of formal 
education is expected, as the cohort includes participants being born from 1927, thus growing 
up before basic education (9 years) was made mandatory in Norway in 1969. Years of 
education might not properly reflect these women’s SES.  Education is particularly 
appropriate when participants are still of working-age, compared to older populations when 
level of education might not be as important for SES, and perhaps income or wealth are more 
appropriate measures (33). However, as those aged above 65 years are excluded, most women 
in our cohort are of working age. 
 
Income in NOWAC is based on household income, alas we cannot accurately determine the 
individual level of income of the women, even if adjusting for household members. It can be 
argued that level of income in Norway is quite high on average, and the low end of the 
income scale begins at a decent level. Thus it might not be surprising that there is no clear 
social gradient found for colon cancer incidence and income. Colorectal cancer is known to 
be more common in higher income countries than in low income countries (14). Distribution 
of household income in our cohort increases steeply by years of education, as expected. 60% 
reported 300 000 or less in income of those in the group of 7-9 years of education, whilst only 
17% did the same for those with 17 years of education or more. Numbers for those reporting 
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between 301 000 and 450 000 in income were however more similar, with distribution 
ranging from around 30% for lowest level of education to 22% within highest level of 
education (all numbers are displayed in table 1). For the category of above 600 000 in income 
the difference by length of education is evident, including only 3,2% from those with lowest 
level of education, as opposed to 33% with highest level of education. Income can perhaps 
reflect present SES during different stages of the life course more accurately than level of 
education, and is the only SES measure that can encompass wealth. Personal wealth is 
unevenly distributed in Norway with about 10% of the population possessing around 50% of 
the wealth (4). This might not be properly reflected in the variable household income.   
 
4.2.2 Strengths 
NOWAC is a prospective cohort study, which reduces recall bias. Using individual data on 
SES as opposed to area-based indicators reduces misclassifications (information bias). The 
cohorts included provide a long follow-up time with a mean of 12 years, providing time for 
sufficient incident cases of colon and rectal cancer to occur, making it possible to apply our 
results to similar populations. The cohort is large and includes use of nationwide as opposed 
to regional data, reducing selection bias. Data from the Norwegian Cancer Registry is 
considered virtually complete.  
  
4.2.3 Limitations 
Self-reported data are prone to reporting bias. Overestimating intake of healthy foods such as 
fruit and vegetables, and underestimating intake of unhealthy foods such as processed meat 
and alcohol consumption yields a potential bias difficult to adjust for. Recall bias could also 
be an issue when self-reporting dietary habits. Household income is prone to bias, as 
participants can find the subject matter sensitive and over-report or refuse to report at all (5). 
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The degree of accuracy for self-reported data might vary with SES, hence creating differential 
bias (34). Not all exposure variables have been validated (25). Education and household 
income has been used as measures for SES. Occupation could have added to the complexity 
of SES, but was not available for analyses. Variables not included in the analysis could have 
an unknown impact on the social gradient and colon cancer risk, e.g. comorbidities including 
polyps, IBD, cardiovascular disease and chronic obstructive pulmonary disease. Residual 
confounding might thus be an issue, also due to changes in the exposure pattern during 
follow-up.  
 
4.3 Potential explanations for the variation in colon cancer risk by level of education  
When finding a difference in risk of a disease it is necessary to exclude artefactual reasons, 
making sure there is a real variation in risk and not a methodological measurement error.  
Possible artefactual explanations are chance, measurement error and bias, diagnostic variation 
and changes in data processing and presentation (35). Possible explanations for variation in 
disease risk are numerous, for instance differences in behaviour, social interaction or the 
composition of the cause of the disease. The susceptibility to the disease might differ based on 
nutritional or medical factors, in addition to the physical or chemical environment (35).  
 
Artefactual explanations 
Based on the discussion in the previous section, several potential sources of measurement 
errors can be ruled out. Chance is reduced by a long follow up time, a large cohort and several 
exposure validation studies. Measurement error and bias is previously discussed. Diagnostic 
variation seems unlikely as the cohort is nationwide and not restricted to a limited area with 
few colon cancer incidents. Changes in data processing and presentation are difficult to 
assess. Artefactual explanations seem unlikely, but cannot be completely dismissed.  
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The remaining possible explanations for variation in colon cancer incidence are explored in 
the following.  
 
In the theory of social selection as an explanation for health inequalities, health is the 
independent variable whilst social class is the dependent variable. For our analyses, all 
models have been explored with health (colon cancer) as the dependent variable and social 
class (education) as the independent variable. Participants are diagnosed with colon cancer 
after level of education has been established. This makes social selection not relevant for this 
thesis.  
 
In reference to the psychosocial perspective, we have little information on the degree of stress 
and effect from social relations in our cohort. It is likely however, that our cohort responds 
similarly to social inequality as suggested in the literature. Psychosocial pathways in relation 
to healthcare seeking behaviour will be explored later on in this thesis.  
 
The materialist explanation focuses on population health rather than individual health. In spite 
of excellent living conditions and a well functioning health care system with equal access for 
all, social inequality in incidence of diseases such as colon cancer is found in our cohort. 
Some risk factors can be attributed to differences in access to material benefits e.g. leisure 
time and sufficient means to engage in physical activity, or an adequate level of income 
enabling a healthy and varied diet. Those with low SES are more likely to have less of these 
material goods, potentially damaging their health.  
 
As an example, unequal access to health care services hampering early detection of colon 
cancer risk factors could impact on the difference in incidence. There is equal access to 
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healthcare facilities in Norway, and social inequalities in CRC risk found in the US by level 
of insurance and access to healthcare should not be an issue. Psychosocial pathways affecting 
healthcare seeking behaviour could however be a relevant factor. Opportunistic screening is 
present when individuals approach their doctor and ask for certain tests, such as colorectal 
cancer screening, or when healthcare professionals offer such tests to healthy individuals (8). 
A more rapid response to symptoms of rectal cancer has been related to higher SES, but not 
for colon cancer (36). A Norwegian report found that those with higher level of education 
more frequently visit both their family doctor and private specialist doctors compared to those 
with less education (4). Women´s awareness of cancer symptoms was investigated in a 
literature review, showing that higher level of symptom awareness was associated with higher 
level of education, income or SES, as well as older age (37). Applied to our study, this would 
mean that women in our cohort of higher SES should have an increased incidence of colon 
cancer, as more pre-stage cancer cases would be detected. That is not the case. However, if 
those of higher SES more frequently remove colon cancer risk factors e.g. polyps as a result 
of seeing their doctor on a regular basis, incidence would be lower than for those of lower 
SES, who presumably do not inhabit the same healthcare seeking behaviour.  
 
Screening 
The aim of screening is to identify individuals with pre-cancer enabling early treatment (2).  
There has been found large differences in probability of attending national screening 
programs throughout Europe. Probability of attending a CRC screening program in Norway is 
increased with higher SES, as measured by income and employment (4). Introducing 
organised screening programs would increase incidence as more cases are detected, and if 
those of higher SES attend screening at higher rates, incidence of CRC in Norway should 
increase for those groups when implementing a national program. As an example, screening is 
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assumed to be one of the reasons for the positive social gradient in incidence of breast cancer, 
as women with more education to a larger degree participate in screening programs (8). There 
is a pilot CRC screening program in Norway, starting in 2012 running for six years in total, 
inviting 140 000 men and women to participate (12). The project could clarify some of the 
issues as mentioned above.  
 
Childhood social class 
A study from the Netherlands found an increased risk of colorectal cancer if the father had  
lower SES compared to those with a father in the highest social class (38). It argues that  
childhood social class can contribute to the social inequality found in adulthood and CRC 
incidence. Childhood social class was measured by the father’s occupational class. The study 
found a negative social gradient, even after adjusting for educational level and occupational 
class as adult (38). Social class in childhood was included in our analyses without any 
significant results for colon cancer incidence across levels of education.   
 
Comorbidity and heredity 
A SES gradient for presence of co-morbidity has been observed. Several comorbidities have 
been associated with CRC prevalence, e.g. cardiovascular disease, diabetes mellitus, gastro-
intestinal diseases and chronic obstructive pulmonary disease. These comorbidities are not 
established risk factors for development of CRC, but have been found in higher prevalence 
within lower SES groups diagnosed with CRC (39). Diabetes mellitus can increase risk of 
colon and rectal cancer (13). Lower socioeconomic status is known to be associated with a 
less healthy diet and inactivity, increasing risk of diabetes type 2. A large Dutch cohort study 
from 2009 found a higher proportion of participants without comorbidity in the high SES 
group (SES was measured by household income and economic value of the home). Risk of 
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having cancer and at least one other serious concomitant disease was 50% higher for low SES 
than high SES groups (39). For CRC, risk of four other concomitant diseases was higher in 
the lower SES, namely cardiovascular disease, diabetes mellitus, gastro-intestinal diseases 
and chronic obstructive pulmonary disease. Gastro-intestinal diseases included gastric 
diseases, Crohn's disease, ulcerative colitis, liver cirrhosis, and hepatitis (39). The findings do 
not describe any causal association between SES and comorbidities and risk of CRC. Diabetes 
was available for our analyses, and had no significant association with colon cancer incidence 
by level of education.  
 
A history of CRC in a first-degree relative is an established risk factor. It is recommended that 
individuals with familial colorectal cancers go through screening by colonoscopy every fifth 
year after the age of 40 (12). Pre-stages of cancer could remain undetected within lower SES 
groups if they do not follow up advice on screening, resulting in increased incidence. This 
seems unlikely however when aware of the increased risk.  
 
Lifestyle and behaviour  
Lifestyle and behaviour as an explanation for social inequality in health puts individual health 
in focus. NOWAC provides us with detailed information on exposure for each participant. 
Multiple lifestyle factors are established colon cancer risk factors, e.g. inactivity, increased 
BMI, dietary habits, smoking and alcohol consumption. These behavioural factors are known 
to differ in prevalence within SES groups and will be discussed in the following.  
 
Several studies have concluded that there is convincing evidence of physical activity being a 
protective factor against colon cancer (14). Physical activity is not significant to risk for 
neither colon nor rectal cancer in our cohort. This could perhaps be due to both occupational 
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and recreational activity being registered as physical activity, making it difficult to 
differentiate or assess the possible impact. Higher SES usually involves higher level of 
physical activity than lower SES, although lower SES could entail employment within 
physically demanding jobs. This positive social gradient is particularly present when data are 
self-reported (4). There was not found a social gradient for level of physical activity in our 
cohort (as displayed in table 1), and around 70% of participants of all SES groups reported a 
medium level of physical activity. Hence, inactivity does not seem to be a substantial 
challenge for our cohort and does not explain the difference in risk of colon cancer by level of 
education.  
 
Obesity is a global health challenge and prevalence is higher in lower SES groups (20). 
Obesity is defined as BMI at 30 or more (27). Obesity has in several studies shown an 
increased risk for CRC. An expert report from 2007 by the World Cancer Research Fund 
recommends a median BMI between 21 and 23 to prevent cancer in general (14). BMI was 
not significantly associated with colon cancer incidence in our cohort. We did observe a 
negative social gradient for BMI, with mean BMI at 25,4 for lowest level of education, thus 
categorised as overweight, whilst the highest level of education has a mean BMI at 23,9 and is 
categorised as normal weight. The negative social gradient is particularly evident when 
investigating each category of BMI against years of education. 45% with 7-9 years of 
education are normal weight, compared to 60% of those with 17 years or more of education. 
37% with 7-9 years of education are classified as overweight, and 13% as obese. Compared 
with 17 years or more of education, 27% are categorised as overweight and 7% as obese. The 
results show a linear trend between years of education. Compared to recommendations as 
mentioned above, mean BMI for all women in NOWAC, regardless of SES, is too high as it is 
above 23 for all groups (displayed in table 1). The proportion of participants classified as 
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obese are not very high, again regardless of SES, potentially explaining the lack of significant 
associations with colon cancer incidence across levels of education.  
 
It is somewhat surprising that none of the diet variables in our study are significantly 
associated with the varying incidence of colon cancer by SES, as several studies have shown 
an association between multiple diet components and colon cancer risk (14). There is 
inconsistency in the literature, although high consumption of animal protein and saturated fat 
are considered carcinogenic. Dietary fibre is considered a possible protective factor, whilst 
results on fruit and vegetable intake are not consistent (13). Distribution of diet variables in 
NOWAC by level of education was described earlier in this thesis and is displayed in table 1 
in the appendix. No social gradient is found for consumption of fibre or fat. The variable fat is 
however not separated into saturated or unsaturated fat. Animal protein is included in the two 
variables processed and red meat. They are both distributed rather evenly across levels of 
education, with a slight negative social gradient found for intake of red meat. Consumption of 
fruit and vegetables vary by level of education, with an increase in reported consumption with 
higher level of education. Finding an association in colon cancer incidence by SES could thus 
have been expected. When self-reported answers from the food questionnaire were validated 
by measures from repeated 24 hour recalls, a lower consumption of fruit and vegetables was 
reported (40). It is not known whether there was any difference by SES in this over-reporting 
of healthy foods.   
 
The only significant explanations for the variation in colon cancer risk by level of education 
found in our cohort, are the social gradient found in smoking and alcohol consumption. 
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The negative social gradient in smoking 
Smoking is a global health issue and close to 80% of smokers worldwide live in low- or 
middle income countries (41). The distribution of smokers between the socioeconomic groups 
has changed over time. In Norway, there are more smokers within low SES groups at present. 
The opposite used to be the norm, with more smokers within high SES groups from around 
1950 (4). As information on severe health risks associated with smoking became public 
knowledge, smoking rates declined. Those within higher levels of socioeconomic position 
changed their smoking habits earlier and to a larger extent than those in lower SES. This has 
led to large differences in smoking prevalence, and a social gradient for mortality as a result 
(4). The negative social gradient for smoking is steep particularly for youth when measured 
against household income (4). It seems that the social gradient in adults has been reduced the 
last decade, although it will take time before the results will become apparent in the form of 
reduced health inequalities (4).  
 
There are large differences in smoking habits within the social stratum in Northern Europe, 
including Norway (4) This is evident in our cohort, with great variance in distribution of 
smokers. Our numbers match up quite well with public figures from 2013, with 34% currently 
smoking in lower educated groups, and only 8% smoking with higher level of education (4). 
As smoking is significantly associated with risk of colon cancer, this social inequality 
contributes to health inequality. Smoking is one of the largest contributors to social inequality 
in mortality in Norway (4). Due to the changes in smoking prevalence across SES groups 
during follow-up, with higher SES groups to a larger extent quitting smoking compared to 
those of lower SES, residual confounding can be present.  
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The positive social gradient in alcohol consumption 
Alcohol consumption in Norway is low compared to other European countries, although 
consumption has increased about 40% during the past 20 years. The increase has been 
throughout all levels of the society, but especially among women and elderly. There is a clear 
positive social gradient in consumption of alcohol, which can be found in several other 
European countries (4). Those of higher SES groups tend to consume more wine and beer, 
whilst those in lower SES groups tend to consume more spirits. Average consumption is 
higher among the higher social stratum, but those consuming very high levels of alcohol and 
getting intoxicated are found among the lower social stratum (4).  
 
Alcohol consumption in our cohort is unevenly distributed by level of education, in 
accordance with previous findings and literature. Higher level of education equals higher 
intake of alcohol. This is reflected in the analysis of colon cancer risk as it evens out between 
the levels of education when adding alcohol as a confounder. Alcohol consumption is known 
to be difficult to measure accurately when self-reported. Under-estimation is common, as 
consumption above a certain level is known to be a health risk. Particularly for the heavy 
drinkers underestimation of own consumption is an issue (14). The effect of alcohol can be 
confounded by smoking, and vice versa, particularly at high levels of consumption. 
Recommended consumption of alcohol in Norway is less than 10 grams daily for women, 
which equals to 0,1 litre of wine, 0,3 litre of beer or 3 centilitres of spirits (4). The women in 
NOWAC have reported a mean alcohol intake ranging from 2,3 grams daily for those with 7-
9 years of education to 4,6 grams daily for those with 17 years or more of education, as 
displayed in table 1. When validated by dietary recalls, higher consumption was reported (40, 
42).  
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A life course perspective relates to the importance of early life events on adult health (43). 
Factors such as dietary habits in childhood could have an impact on adult risk for CRC, 
especially energy intake (17). One cannot assume that current health behaviour is similar to 
the one in the past. An accumulation of nutritional and other experiences throughout life 
could have an unknown impact that we cannot adjust for in this study. Repeated measurement 
on several of the exposures in NOWAC was however available. The accumulation of small 
exposures among those of low SES could be an explanation of the negative social gradient 
found for our cohort, as well as interaction between genes and health risk behaviours (33). 
Several known risk factors were controlled, and only smoking and alcohol had an effect on 
the social gradient. This can mean that the difference in educational risk is related to the 
combination of several risk factors over time, of which some might not yet be known.  
 
4.4 Comparison with previous findings 
Multiple studies discuss colorectal cancers without differentiating between colon and rectal 
cancer when assessing any social gradient in incidence. As no significant association was 
found between SES and rectal cancer incidence in our cohort, comparison was made 
somewhat challenging. There are overall varying results for SES and risk of colorectal cancer. 
Some large studies have included CRC and looked at risk for both colon and rectal cancer, 
others have looked at tumour location. Some studies use aggregated data to measure SES, 
some use education, income or employment as SES measure, whilst others use a combination 
of several measures.  
 
A Danish prospective cohort study from 2008 (22) found higher incidence of CRC in lower 
social classes. EPIC (European Prospective Investigation into Cancer and Nutrition), a 
multicentre prospective cohort study, found no social gradient in rectal cancer incidence for 
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women, whilst results were inconsistent for men, finding both a negative and positive social 
gradient in incidence. The same study found varying results for colon cancer incidence and 
SES. A reduced risk of colon cancer incidence with lower level of education was found for 
several European countries, particularly for women and in Southern Europe. Possible 
explanations for the positive relationship between SES and risk of colon cancer was 
discussed, with lead-time bias leading to follow up cases not being detected in low SES 
groups as an option. It remains unclear however why a positive social gradient was found.  
No social gradient was found for CRC incidence in Norway, including when colon and rectal 
cancer were analysed separately (23).   
 
A systematic review from the US in 2005 found higher incidence in socially disadvantaged 
groups (44). A review from 2010 (45) found increased incidence of CRC within lower SES 
groups in the US and Canada, whilst results varied for European countries. Mortality was 
however higher for lower SES groups in all countries. A systematic review from 2014 
confirmed that findings from the United States consistently show an increased risk of CRC in 
socially disadvantaged groups, whilst the opposite is the result throughout Europe (20). It is 
interesting that large and consistent geographical differences in incidence by SES are found, 
and several possible explanations have been discussed. Risk-related behaviour explains part 
of the negative social gradient found in several studies from North America, including a 
higher prevalence of obesity, physical inactivity, unhealthy diet and smoking within low SES 
groups (20). Lifestyle factors could be differently related to socioeconomic status in North 
America and Europe. An American prospective cohort study found that 43% of excess risk of 
CRC related to lower level of education was explained by behavioural risk factors as 
mentioned above (24). The remaining difference in incidence by SES was suggested to be due 
to differences in access to and use of healthcare services (24).  
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Participation in screening differs markedly between the US and Europe. A review from 2010 
found compliance for colonoscopy in an organised German screening program to be only 
12% (45). For opportunistic endoscopic screening in the US participation rates were 51%. 
However, comparing opportunistic screening with organised screening programs is not ideal. 
Higher participation rates among high SES groups were discussed earlier in this paper, and 
cancer screening rates from the US have in general found considerably lower rates for those 
of lower SES (46). These differences in screening participation by SES cannot fully explain 
the varying incidence across SES throughout Europe and North America. This implies that 
differences in lifestyle and behavioural factors, as well as access to and use of health care 
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5. Conclusion  
Health risk behaviours as included in our analyses cannot fully explain the social inequality 
found in colon cancer incidence. Smoking and alcohol consumption do contribute to the 
variation in risk, although residual confounding might be an issue due to changes in the 
exposure pattern during follow-up. Variation in international findings on SES related to colon 
cancer incidence could indicate that risk is related to factors that vary across both populations 
and over time (43). It is plausible that our measures of lifestyle factors and health habits 
cannot measure the effect of cancer risk properly, as the interactions and effects are too 
complex and not completely understood (34). An accumulation of several risk factors over 
time, some of which might still be unaccounted for, can be a possible explanation for the 
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Table 1 Distribution of variables by years of education 
 
Cohort: 83 524    
 
 
     Years of        
    education 
 
  
     7-9 years 
 
 
   10-12 years 
 
    13-16 years 
  
    17+ years 
Number (%) 
 
20 173 (24.2) 29 214 (35) 22 810 (27.3) 11 327 (13.6) 
Age (mean, SD) 
 
53 (6) 51 (5.5) 50 (5.3) 50 (5) 
Follow up time 
years (mean, SD)  




    
never 31.9 34 42.8 48.7 
former 28.7 32.3 33.7 35.5 




    
Tot absent 30.6 18.5 15.7 12.9 
0,1-4 g a day 51.3 51.9 47.1 42.2 
4-10 g a day 14 22.8 27.5 32.3 
10+ a day 4.1 6.8 9.8 12.6 
Mean, grams 
(SD) 





    
= < 300 000 59.7 36.5 24.3 17.6 
301 000 - 450 000 27.7 32.3 27.2 21.6 
451 000 - 600 000 9.5 21.1 27.5 27.3 
> 600 000 3.2 10.1 21 33.5 
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     Years of        
    education 
      
      7-9 years 
 
   10-12 years 
 
    13-16 years 
  
    17+ years 
   
BMI %  
 
    
12-19.9 4.7 4.8 6 7 
20-24.9 44.9 51.6 56 59.4 
25-29.9 37 33.5 30 26.9 
>30 13.4 10.1 8 6.7 
Mean (SD)  25.4 (4.3) 24.8 (3.9) 24.4 (3.8) 23.9 (3.6) 





    
Low level 15.2 12.2 10.7 11.7 
Medium level 68.8 73.9 74.8 72.9 
High level 16 13.9 14.6 15.4 
Missing: 7%     
 
Diet  
Grams per day. 
Mean (SD) 
    
fruit 174 (145) 194 (149) 208 (148) 228 (158) 
vegetables 123 (88) 138 (90) 150 (91) 161 (96) 
red meat  16.5 (12) 16 (11) 15 (11) 13 (11) 
processed meat 67 (42) 73 (41) 72 (40) 68 (40) 
fibre 20.5 (7) 21 (7) 22 (7) 22.5 (7) 
fat 63 (23) 64(22) 65 (21) 65 (21) 

















Missing: 2.9%     
Post 
menopausal 




   
Never 63.2 64 67.3 68.3 
Ex 13.3 12.4 11.1 10.6 
Current 23.5 23.6 21.6 21 
Missing: 2.4%     
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7-9 years 10-12 years 13-16 years 17 + years 











Colon cancer  
 
     








p-value   0.792 0.006 0.002 








p-value   0.880 0.015 0.005 








   0.727 0.007 0.002 








p-value   0.518 0.047 0.015 
Proportion 
incidence 
658 (0.8%) 1.2% 0.8% 0.6% 0.4% 
Incidence rate  
(per 100 000  
person-years) 




     








p-value   0.992 0.956 0.789 
Proportion 
incidence 
306 (0.4%) 0.5% 0.4% 0.3% 0.3% 
Incidence rate  
(per 100 000  
person-years) 
30.35 36.03 29.3 28.31 26.14 
Total cases 
incidence CRC 
964 (1.2%)     
*adjusted for age 
**adjusted for age, smoking 
***adjusted for age, smoking, alcohol 
****adjusted for age, smoking, alcohol, income, stratified for subcohorts 
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